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Design Problem 13.1 

Perform a safety check for a structure undergoing stress fatigue, assuming the following 
data 


80,000 cycles at 
50,000 cycles at 
100,000 cycles at 


(Tmax — 42,000 psi 
(Tmax = 30,000 psi 
(Tmax = 21,000 psi 


Refer to the fatigue diagram in Fig. 13.2. 


Solution 


The required values of N are obtained directly from the diagram in Fig. 13.2 for the 
assigned stress levels. 


(Tmax = 42,000 psi N = 100,000 
Cmax = 30,000 psi N = 1,000,000 
(Tmax = 21,000 psi N = 10,000,000 


Hence, using the design formula for cumulative damage, Eq. (13.1), we get 



80,000 50,000 100,000 

100,000 + 1,000,000 + 10,000,000 


= 0.8 + 0.05 + 0.01 = 0.86 


Since the sum of the cycle ratios is less than unity, the structure is presumed safe. In 
practice, a limiting value smaller than unity is selected in order to be on the safe side. For 
instance, ^)n/iV < 0-8 can be taken as a suitable design criterion. ♦ 


NEUBER EFFECT 


It was pointed out previously that in ductile materials, stress concentration may 
be relieved by inelastic behavior. In fatigue, however, the full value of a theoretical 
elastic stress concentration K must be taken for design. Numerous fatigue experi¬ 
ments conducted with notched bars and sharp radii led to the establishment of the 
Neuber effect [14]. According to this finding, there is a small limiting value of the 
notch radius below which no additional stress increase in fatigue is expected. The 
ratio between the apparent increase and that predicted by the elastic theory has 
been termed the notch sensitivity factor [16, 26]. 
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In Eq. (13.2), K { denotes the fatigue stress concentration factor derived from tests. 
The particular structural member is considered to have no notch effect when q = 0. 
On the other hand, q = 1 defines the maximum theoretical notch sensitivity. Design 
tables are available [26] which show how the parameter q varies with the notch or 
hole radius. However, the theory of fatigue suggests that the actual size of hole or 
depth of notch may prove to be more influential than the geometrical parameters. 



